Attorney's Docket No.: 19415-008US1 / PCT-04R-170/US 

tO/566914 

lAK0"R9C*d PCT/PTO 03 FEB 200ft 



APPLICATION 



FOR 



UNITED STATES LETTERS PATENT 



TITLE: CLOCK INPUT/OUTPUT DEVICE 

APPLICANT: MASAKI ONISHI AND MASAYU FUJIWARA 



CERTIFICATE OF MAILING BY EXPRESS MAIL 
Express Mail Label No. ET93 1 348444US 

February 3. 2006 

Date of Deposit 




10/566914 

JKPTO 08 FEB 20QS 



SPECIFICATION 



CLOCK INPUT/OUTPUT DEVICE 



Technical Field 



[0001] 



The present invention relates to a clock input/output circuit, such as a 



buffer or selector circuit, that is used in a clock path for supplying a clock 
generated by an oscillation circuit or the like. More particularly, the 
present invention relates to a clock input/output circuit built with logic gates 
combined together. 

Background Art 

[0002] According to conventional practice, when a clock generated by an 

oscillator is fed to, for example, another IC, to prevent deterioration of the 
waveform of the clock fed to the IC, a clock buffer is inserted between the 
oscillator and the IC (see Non-Patent Publication 1 listed below). Such a 
clock buffer includes inverters. When used with an oscillator that outputs a 
plurality of clocks having different frequencies, such a clock buffer is built 
along with a selector circuit or switch which selects one of the clocks. 

[0003] Such a selector circuit or switch includes logic gates such as NAND 

gates and NOR gates. For example, as shown in Fig. 8, a NAND gate Na that 
receives a clock from an oscillator and an enable signal according to which 
to determine whether or not to output the clock functions as a selector 
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circuit, and an inverter Iv that receives the clock outputted from the NAND 
gate Na functions as a buffer. The NAND gate Na and the inverter Iv 
configured as shown in Fig. 8 are built with a plurality of MOS transistors as 
shown in Fig. 9. 

[0004] Specifically, the NAND gate Na is composed of: P-channel MOS 

transistors Tl and T2 that receive at their sources a direct-current voltage 
VDD; an N-channel MOS transistor T3 whose drain is connected to the 
drains of the MOS transistors Tl and T2; and an N-channel MOS transistor 
T4 whose drain is connected to the source of the MOS transistor T3 and 
whose source is grounded. In this NAND gate Na, the enable signal is fed to 
the gates of the MOS transistors T2 and T3, and the clock is fed to the gates 
of the MOS transistors Tl and T4. The output of the NAND gate Na 
appears at the node among the drains of the MOS transistors Tl to T3. 

[0005] On the other hand, the inverter Iv is composed of: a P-channel MOS 

transistor T5 that receives at the source thereof the direct-current voltage 
VDD; and an N-channel MOS transistor whose drain is connected to the 
drain of the MOS transistor T5 and whose source is grounded. In this 
inverter Iv, the node among the drains of the MOS transistors Tl to T3 is 
connected to the gates of the MOS transistors T4 and T5 so that the output of 
the NAND gate Na is fed thereto. The output of the inverter Iv appears at 
the node between the drains of the MOS transistors T4 and T5. 



Non-Patent Publication 1: "Transistor Technology, August 2001 Issue", CQ 
Publishing Co., Ltd., pp 255-256. 

bfcb I AVAILABLE COPY 



BEST 



AVAILABLE COPY 



- 3 - 



Disclosure of the Invention 



Problems to be Solved by the Invention 



[0006] 



In the case described above, where the output voltage from the 



oscillator varies between 0 and VDD and the inverter Iv receives the direct- 
current voltage VDD, the threshold voltage of the inverter Iv is designed to 
be equal to VDD / 2. In the NAND gate Na, however, while the MOS 
transistors Tl and T2 are connected in parallel with each other between the 
output and the supply voltage VDD, the MOS transistors T3 and T4 are 
connected in series with each other between the output and the ground 
voltage, making uneven the on-state resistance through the supply-voltage- 
side MOS transistors and that through the ground-voltage-side MOS 
transistors. 

[0007] Specifically, when the enable signal fed in is high, permitting the 

clock fed to the NAND gate Na to be outputted therefrom, the MOS transistor 
T2 is kept off, and the MOS transistor T3 is kept on. When the enable 
signal is high in this way, with only one MOS transistor Tl virtually present 
on the supply voltage side and two MOS transistors T3 and T4 on the 
ground-voltage side, the threshold voltage with reference to which the clock 
is evaluated shifts to a voltage higher than VDD / 2. 

[0008] When the NAND gate Na, whose threshold voltage is now higher than 

VDD / 2 as described above, is connected to the inverter Iv, whose threshold 
voltage is invariably equal to VDD / 2, the clock fed to the NAND gate Na, the 
output from the NAND gate Na, and the output from the inverter Iv have a 
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relationship as shown in a timing chart in Fig. 10. When the clock fed to 
the NAND gate Na turns from low (ground voltage) to high (VDD) as shown 
in Fig. 10(a), the moment that the voltage of the clock becomes higher than 
Vth (> Vdd 12), the output of the NAND gate Na turns from high to low as 
shown in Fig. 10(b). When the output of the NAND gate Na turns from high 
to low in this way, the moment that the output of the NAND gate Na 
becomes lower than VDD / 2, the output of the inverter Iv turns from low to 
high as shown in Fig. 10(c). 

[0009] On the other hand, when the clock fed to the NAND gate Na turns 

from high to low as shown in Fig. 10(a), the moment that the voltage of the 
clock becomes lower than Vth, the output of the NAND gate Na turns from 
low to high as shown in Fig. 10(b). When the output of the NAND gate Na 
turns from low to high in this way, the moment that the output of the NAND 
gate Na becomes higher than VDD / 2, the output of the inverter Iv turns 
from high to low as shown in Fig. 10(c). 

[0010] In this way, as a result of the threshold voltage Vth of the NAND gate 

Na being higher than VDD / 2, the timing with which the output therefrom 
turns from high to low and the timing with which the output therefrom turns 
from low to high become displaced as shown in Fig. 10(b). Consequently, 
even when the duty factor of the clock fed to the NAND gate Na is 50%, the 
duty factor of the clock outputted from the NAND gate Na becomes deviated 
from 50%. Thus, the duty factor of the clock outputted from the inverter Iv, 
whose threshold voltage equals VDD / 2, also becomes deviated from 50%. 
This adversely affects the operation of ICs provided in subsequent stages. 
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The effect of such deviation of the duty factor of the clock is particularly 
remarkable when the clock used has a high frequency. 

[0011] The operation of a clock input/output device as shown in Fig. 8, i.e., 

one configured as a circuit device built with a logic-gate-based select circuit 
or switch plus a buffer, is checked through simulation conducted under 
conditions close to those under which an actual sample is tested, for 
example through back-annotation, whereby the operation speed and logic 
switching timing of the circuit, including wiring resistances and wiring 
capacitances, are correctly measured. That is, conventionally, the circuit 
configuration is evaluated through such simulation, and the operation of the 
device is so guaranteed that the resulting clock input/output circuit outputs 
a clock having a duty factor of 50%. 

[0012] A device guaranteed by such simulation is then subjected to actual 

sample measurement, whereby the threshold voltage of the inverter is 
checked to guarantee the operation thereof in a simplified manner. 
However, simply checking the threshold voltage of the inverter does not 
reliably guarantee the duty factor of the clock outputted from the clock 
input/output device. Moreover, to check the duty factor of the clock 
outputted from each individual clock input/output device, each device needs 
to be actually operated to measure the duty factor. This requires a 
complicate inspection process. 

[0013] In view of the conventionally encountered problems discussed above, 

it is an object of the present invention to provide a clock input/output device 
that outputs a clock whose duty factor is guaranteed to be close to 50%. It 
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is another object of the present invention to provide a clock input/output 
device that permits easy measurement of the duty factor of the clock it 
outputs. 

■* 

Means for Solving the Problem 

[0014] To achieve the above objects, according to one aspect of the present 

invention, a clock input/output device is configured as follows. In a clock 
input/output device comprising logic gates and operating as a gate that 
permits a clock to pass therethrough, the logic gates comprises: a three-state 
inverter of which the threshold voltage with reference to which the three- 
state inverter evaluates the input thereto to determine whether or not to 
change the state of the output thereof is equal to substantially one-half of the 
supply voltage fed in and that switches the output thereof among three states, 
namely a high, a low, and a high-impedance state; and an inverter of which 
the threshold voltage with reference to which the inverter evaluates the 
input thereto to determine whether or not to change the state of the output 
thereof is equal to substantially one-half of the supply voltage fed in. 

[0015] In the clock input/output device configured as described above, the 

configuration may be, as recited in claim 2, as follows. One of the logic 
gates is a two-input, one-output AND gate comprising: a first three-state 
inverter of which the input terminal serves as one input of the AND gate; a 
second three-state inverter of which the input terminal serves as the other 
input of the AND gate and of which the input terminal is connected to the 
state control terminal thereof, the second three-state inverter determining 
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whether or not to bring the output thereof into a high-impedance state 
according to the state of the signal fed to the state control terminal thereof; a 
first inverter of which the input terminal is connected to the node between 
the output terminals of the first and second three-state inverters and of 
which the output terminal serves as the output of the AND gate; and a 
second inverter of which the input terminal is connected to the input 
terminal of the second three-state inverter and of which the output terminal 
is connected to the state control terminal of the first three-state inverter. 

[0016] Here, the configuration may be such that: a clock is fed to the first 

three-state inverter; an enable signal is fed to the second three-state inverter; 
and, based on the enable signal, whether or not to let the first inverter output 
the clock fed in is determined. 

[0017] Alternatively, the configuration may be, as recited in claim 3, as 

follows. One of the logic gates is a two-input, one-output OR gate 
comprising: a first three-state inverter of which the input terminal serves as 
one input of the OR gate and that receives at the state control terminal 
thereof the other input to the OR gate; the first three-state inverter 
determining whether or not to bring the output thereof into a high- 
impedance state according to the state of the signal fed to the state control 
terminal thereof; a second three-state inverter of which the input terminal 
serves as the other input of the OR gate; a first inverter of which the input 
terminal is connected to the node between the output terminals of the first 
and second three-state inverters and of which the output terminal serves as 
the output of the OR gate; and a second inverter of which the input terminal 
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is connected to the input terminal of the second three-state inverter and of 
which the output terminal is connected to the state control terminal of the 
second three-state inverter, 

[0018] Alternatively, the configuration may be, as recited in claim 4, as 

follows. One of the logic gates is a logic gate that selects and outputs one of 
two clocks according to a select signal fed thereto and that comprises: a first 
three-state inverter that receives at the input terminal thereof one clock and 
that receives at the state control terminal thereof the select signal, the first 
three-state inverter determining whether or not to bring the output thereof 
into a high-impedance state according to a signal fed to the state control 
terminal thereof; a second three-state inverter that receives at the input 
terminal thereof another clock; a first inverter of which the input terminal is 
connected to the node between the output terminals of the first and second 
three-state inverters and of which the output terminal serves as the output of 
the logic gate; and a second inverter that receives at the input terminal 
thereof the select signal and of which the output terminal is connected to the 
state control terminal of the second three-state inverter. 

[0019] Incidentally, such a logic gate is equivalent to a circuit composed of: a 

first AND gate that receives the one clock; a second AND gate that receives 
the other clock and that also receives the select signal; an inverter that 
receives the select signal, inverts it, and then feeds the result to the first 
AND gate; and an OR gate that receives the outputs of the first and second 
gates. Here, the first and second AND gate may be configured like the AND 
gate recited in claim 2, and the OR gate may be configured like the OR gate 
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recited in claim 3. 

[0020] In the logic gate recited in claim 4, according to the select signal, one 

of the clock fed to the first three-state inverter and the clock fed to the 
second three-state inverter is selected as the clock outputted from the first 
inverter. 

[0021] In any of the clock input/output devices recited in claims 2 to 4, the 

first inverter may be configured as a three-state inverter of which the state 
control terminal is grounded. 

[0022] In any of the clock input/output devices configured as described 

above, the configuration may be, as recited in claim 6, as follows. The 
three-state inverter comprises: a first transistor that receives at the first 
electrode thereof the supply voltage; a second transistor of which the first 
electrode is connected to the second electrode of the first transistor and that 
is of the same conductivity type as the first transistor; a third transistor of 
which the second electrode is connected to the second electrode of the 
second transistor and that is of the opposite conductivity type to the first 
transistor; a fourth transistor of which the second electrode is connected to 
the first electrode of the third transistor, of which the first electrode is 
grounded, and that is of the opposite conductivity type to the first transistor; 
and an inverter of which the output terminal is connected to the control 
electrode of the third transistor. Here, the node between the control 
electrodes of the first and fourth transistors serves as the input terminal of 
the three-state inverter, the node between the second electrodes of the 
second and third transistors serves as the output terminal of the three-state 
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inverter, and the node between the control electrode of the second transistor 
and the input terminal of the inverter serves as the state control terminal of 
the three-state inverter. 
[0023] As recited in claim 7, the inverter provided in the last stage of the 

clock input/output device may comprise: a fifth transistor that receives at the 
first electrode thereof the supply voltage and that is kept on during normal 
operation; a sixth transistor of which the first electrode is connected to the 
second electrode of the fifth transistor, that receives at the control electrode 
thereof the clock outputted from the logic gate provided in the previous stage, 
and that is of the same conductivity type as the fifth transistor; a seventh 
transistor of which the second electrode is connected to the second electrode 
of the sixth transistor, that receives at the control electrode thereof the clock 
outputted from the logic gate provided in the previous stage, and that is of 
the opposite conductivity type to the fifth transistor; and an eighth transistor 
of which the second electrode is connected to the first electrode of the 
seventh transistor, of which the first electrode is grounded, that is kept on 
during normal operation, and that is of the opposite conductivity type to the 
fifth transistor. Here, the duty factor of the clock outputted from the clock 
input/output device is measured, in a case where one end of a resistor of 
which the other end is connected to the ground voltage is connected to the 
node between the second electrodes of the sixth and seventh transistors 
which serves as the output of the inverter, by measuring the current that 
flows through the resistor while the fifth transistor is kept on and the eighth 
transistor is kept off and, in a case where one end of a resistor of which the 
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other end is connected to the supply voltage is connected to the node 

r 

between the second electrodes of the sixth and seventh transistors which 
serves as the output of the inverter, by measuring the current that flows 
through the resistor while the eighth transistor is kept on and the , fifth 
transistor is kept off. 

[0024] According to another aspect of the present invention, a clock 

input/output device is configured, as recited in claim 8, as follows. In a 
clock input/output device comprising logic gates and operating as a gate that 
permits a clock to pass therethrough, the inverter provided in the last stage 
of the clock input/output device comprises: a first transistor that receives at 
the first electrode thereof the supply voltage and that is kept on during 
normal operation; a second transistor of which the first electrode is 
connected to the second electrode of the first transistor, that receives at the 
control electrode thereof the clock outputted from the logic gate provided in 
the previous stage, and that is of the same conductivity type as the first 
transistor; a third transistor of which the second electrode is connected to 
the second electrode of the second transistor, that receives at the control 
electrode thereof the clock outputted from the logic gate provided in the 
previous stage, and that is of the opposite conductivity type to the first 
transistor; and a fourth transistor of which the second electrode is connected 
to the first electrode of the third transistor, of which the first electrode is 
grounded, that is kept on during normal operation, and that is of the 
opposite conductivity type to the first transistor. Here, the duty factor of 
the clock outputted from the clock input/output device is measured, in a 
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case where one end of the resistor of which the other end is connected to the 
ground voltage is connected to the node between the second electrodes of 
the second and third transistors which serves as the output of the inverter, 
by measuring the current that flows through the resistor while the .first 
transistor is kept on and the fourth transistor is kept off and, in a case where 
one end of the resistor of which the other end is connected to the supply 
voltage is connected to the node between the second electrodes of the second 
and third transistors which serves as the output of the inverter, by 
measuring the current that flows through the resistor while the fourth 
transistor is kept on and the first transistor is kept off. 
[0025] In the clock input/output device configured as described above, in the 

case where the resistor is connected to the supply voltage, when the integral 
of the current flowing through the resistor is greater than a predetermined 
value, this state indicates that the duty factor of the output clock is lower 
than the reference value, and, when the integral of the current flowing 
through the resistor is smaller than the predetermined value, this state 
indicates that the duty factor of the output clock is higher than the reference 
value. On the other hand, in the case where the resistor is connected to the 
ground voltage, when the integral of the current flowing through the resistor 
is greater than a predetermined value, this state indicates that the duty factor 
of the output clock is higher than the reference value, and, when the integral 
of the current flowing through the resistor is smaller than the predetermined 
value, this state indicates that the duty factor of the output clock is lower 
than the reference value. 
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[0026] Any of the clock input/output devices described above may be formed 

in a single semiconductor integrated circuit device. 

Advantages of the Invention 

[0027] According to the present invention, a clock input/output device is 

built with logic gates including a three-state inverter and an inverter of 
which the threshold voltages with reference to which they evaluate their 
inputs to determine whether or not to change the levels of their outputs are 
equal to substantially one-half of the supply voltage fed in. Thus, when the 
duty factor of the clock fed in is equal to 50%, the duty factor of the clock 
outputted from the three-state inverter and the inverter is kept equal to 50%. 
This ensures that, when fed with a clock having a duty factor of 50%, the 
clock input/output device outputs a clock having a duty factor of 50%. 

[0028] Moreover, the three-state inverter has two transistors connected in 

series between the supply voltage and the output terminal, and has two 
transistors connected in series between the ground voltage and the output 
terminal. This makes substantially equal the composite resistance of the 
on-state resistances of the supply-voltage-side transistors and the composite 
resistance of the on-state resistances of the ground-voltage-side transistors. 
Thus, when the threshold voltage with reference to which the three-state 
inverter evaluates its input to determine whether or not to change the level 
of its output is equal to substantially one-half of the supply voltage fed in, 
and the duty factor of the clock fed in is equal to 50%, then the duty factor of 
the clock fed out is kept equal to 50%. 
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[0029] Moreover, the inverter provided in the last stage of the clock 

input/output device is built with four transistors connected in series, and, 
during normal operation, the ground-voltage-side and supply-voltage-side 
transistors are individually turned on so that two transistors are connected 
in series between the supply voltage and the output terminal and that two 
transistors are connected in series between the ground voltage and the 
output terminal. This makes substantially equal the composite resistance 
of the on-state resistances of the supply-voltage-side transistors and the 
composite resistance of the on-state resistances of the ground-voltage-side 
transistors. Furthermore, the duty factor of the clock fed out can be 
checked by measuring, with one of the ground-voltage-side transistors and 
one of the supply-voltage-side transistors turned off, the current that flows 
through a resistor connected to the output terminal. This permits easy 
detection of the duty factor of the clock that is supposed to be outputted 
with a guaranteed duty factor. 

Brief Description of Drawings 

[0030] [Fig. 1] is a circuit diagram showing an internal configuration of the clock 
input/output device of a first embodiment of the present invention; 
[Fig. 2] is a circuit diagram showing a configuration of a three-state inverter; 
[Fig. 3A] is a circuit diagram showing another configuration of the clock 
input/output device of the first embodiment of the present invention along 
with an equivalent circuit thereof; 

[Fig. 3B] is a circuit diagram showing an equivalent circuit of the clock 
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input/output device shown in Fig. 3A; 

[Fig. 4] is a circuit diagram showing another configuration of the clock 

input/output device of the first embodiment of the present invention; 

[Fig. 5] is a circuit diagram showing an internal configuration of the clock 

input/output device of a second embodiment of the present invention; 

[Fig. 6] is a circuit diagram showing the relationship between the clock 

input/output device shown in Fig. 5 and a measurement device; 

[Fig. 7] is a timing chart illustrating the measurement results obtained with 

the measurement device shown in Fig. 6; 

[Fig. 8] is a logic circuit diagram showing an internal configuration of a 
conventional clock input/output device; 

[Fig. 9] is a circuit diagram showing an internal configuration of the clock 
input/output device shown in Fig. 8; and 

[Fig. 10] is a timing chart showing the operation of the clock input/output 
device shown in Fig. 8. 

List of Reference Symbols 

[0031] Ivl- Iv3, Ivll - Ivl3, Iva Three-State Inverters 

Iv4, Iv5, Ivl4, Ivx, Ivy Inverters 

Best Mode for Carrying Out the Invention 
[0032] First Embodiment 

A first embodiment of the present invention will be described below 
with reference to the drawings. Fig. 1 is a circuit diagram showing a circuit 
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configuration of the clock input/output device of this embodiment. The 
clock input/output device of this embodiment is assumed to operate in the 
same manner as the clock input/output device configured as shown in Fig. 8. 
Moreover, the clock input/output device here is formed in a single 
semiconductor integrated circuit device. 

[0033] The clock input/output device shown in Fig. 1 includes: a three-state 

inverter Ivl that receives a clock at the input terminal thereof; a three-state 
inverter Iv2 and an inverter Iv4 that receive an enable signal at the input 
terminals thereof; and a three-state inverter Iv3 that receives the outputs of 
the three-state inverters Ivl and Iv2. The output of the inverter Iv4 is fed to 
the state control terminal of the three-state inverter Ivl, and the enable 
signal is fed to the state control terminal of the three-state inverter Iv2. The 
state control terminal of the three-state inverter Iv3 is grounded. 

[0034] In the clock input/output device configured as described above, the 

three-state inverters Ivl to Iv3 are each configured as shown in Fig 2. 
Specifically, the three-state inverter Iva shown in Fig. 2 (corresponding to 
the three-state inverters Ivl to Iv3 shown in Fig. 1) includes: a P-channel 
MOS transistor Ta that receives a direct-current voltage VDD at the source 
thereof; a P-channel MOS transistor Tb whose source is connected to the 
drain of the MOS transistor Ta; an N-channel MOS transistor Tc whose drain 
is connected to the drain of the MOS transistor Tb; an N-channel MOS 
transistor Td whose drain is connected to the source of the MOS transistor 
Tc and whose source is grounded; and an inverter Ivx whose output terminal 
is connected to the gate of the MOS transistor Tc. 
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[0035] In the three-state inverter Iva shown in Fig. 2, the node between the 

■ 

gates of the MOS transistors Ta and Td serves as the input terminal, the 
node between the gate of the MOS transistor Tb and the input terminal of 
the inverter Ivx serves as the state control terminal, and the node between 
the drains of the MOS transistors Tb and Tc serves as the output terminal. 
Thus, when a high (VDD) signal is fed to the state control terminal, a high is 
fed to the gate of the MOS transistor Tb, and, via the inverter Ivx, a low 
(ground voltage) is fed to the gate of the MOS transistor Tc. As a result, the 
MOS transistors Tb and Tc both turn off, and thus the output outputted from 
the output terminal of the three-state inverter Iva is brought into a high- 
impedance state. 

[0036] On the other hand, when a low signal is fed to the state control 

terminal, a low is fed to the gate of the MOS transistor Tb, and, via the 
inverter Ivx, a high is fed to the gate of the MOS transistor Tc. As a result, 
the MOS transistors Tb and Tc both turn on. In this state, when a high 
signal is fed to the input terminal, a high is fed to the gates of the MOS 
transistors MOS Ta and Td, and thus the MOS transistor Ta turns off and the 
MOS transistor Td turns on, causing a low signal to be outputted from the 
output terminal. By contrast, when a low signal is fed to the input terminal, 
a low is fed to the gates of the MOS transistors MOS Ta and Td, and thus the 
MOS transistor Ta turns on and the MOS transistor Td turns off, causing a 
high signal to be outputted from the output terminal. 

[0037] As described above, in the three-state inverter Iva, when a low is fed 

to the state control terminal, the signal fed to the input terminal is inverted 
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and is then outputted from the output terminal. Moreover, when a low is 
fed to the state control terminal and thus the MOS transistors Tb and Tc turn 
on, two MOS transistors Ta and Tb are connected in series between the 
output terminal and the supply voltage, and two MOS transistors Tc and Td 
are connected in series between the output terminal and the ground voltage. 
This makes the on-resistances of the supply-voltage-side and ground-voltage- 
side MOS transistors substantially equal. Hence, the threshold voltage of 
the three-state inverter Iva is approximately equal to VDD / 2. 
[0038] The three-state inverters Ivl to Iv3 shown in Fig. 1 are each 

configured like the three-state inverter Iva shown in Fig. 2. Thus, when the 
enable signal is high, the high enable signal is fed to the state control 
terminal of the three-state inverter Iv2, whose output terminal is thus 
brought into a high-impedance state. Moreover, the high enable signal is 
inverted by the inverter Iv, which thus outputs a low signal to the state 
control terminal of the three-state inverter Ivl. Thus, the three-state 
inverter Ivl outputs an inverted version of the clock it receives. Moreover, 
since meanwhile the state control terminal of the three-state inverter Iv3 
remains grounded, a further inverted version of the inverted clock from the 
three-state inverter Ivl is outputted from the output terminal of the three- 
state inverter Iv3. 

[0039] On the other hand, when the enable signal is low, the low enable 

signal is inverted by the inverter Iv4, which thus outputs a high signal to the 
state control terminal of the three-state inverter Ivl. Thus, the output 
terminal of the three-state inverter Ivl is brought into a high-impedance state. 
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Moreover, the three-state inverter Iv2, which receives the low enable signal 
at the state control terminal thereof, receives the same signal also at the 
input terminals thereof, and thus inverts it to output a high signal from the 
output terminal thereof. Moreover, since meanwhile the state control 
terminal of the three-state inverter Iv3 remains grounded, the high signal 
outputted from the three-state inverter Iv2 is inverted by the three-state 
inverter Iv3, which thus outputs a low signal from the output terminal 
thereof. 

[0040] As described above, in the clock input/output device shown in Fig. 1, 

the three-state inverters Ivl and Iv2 and the inverter Iv4 together form a gate 
circuit that operates in a manner similar to the NAND gate Na shown in Fig. 
8, and the three-state inverter Iv3 forms a gate circuit that operates in a 
manner similar to the inverter Iv shown in Fig. 8. That is, the clock 
input/output device shown in Fig. 1 can also be used as a gate circuit that 
operates in a manner similar to an AND gate. 

[0041] In the above configuration built with the three-state inverters Ivl to 

Iv3, the threshold voltages of the three-state inverters Ivl to Iv3, which 
receive a clock while the enable signal is high, are all approximately equal to 
VDD / 2 as described in connection with the three-state inverter Iva shown in 
Fig. 2. Thus, when a clock having a duty factor of 50% is fed to the clock 
input/output device shown in Fig. 1, the inverted clock outputted from the 
three-state inverter Ivl has a duty factor of 50%. 

[0042] Moreover, since the inverted clock having a duty factor of 50% is fed 

from the three-state inverter Ivl to the three-state inverter Iv3, the clock 
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outputted from the three-state inverter Iv3 has a duty factor of 50%. Thus, 
in the clock input/output device configured as shown in Fig. 1, the clock 
outputted therefrom is guaranteed to have a duty factor of 50%. Moreover, 
since the inverter Iv4 has a similar configuration to the inverter Iv 
configured as shown in Fig 9, the threshold voltage of the inverter Iv4 is 
approximately equal to VDD / 2. 
[0043] As practiced in this embodiment, by the use of a logic gate built with 

a three-state inverter and an inverter in which the MOS transistors provided 
between the output terminal and the supply voltage and the MOS transistors 
provided between the output terminal and the ground voltage are kept in 
equivalent connection states, it is possible to make substantially equal the 
on-state resistance of the MOS transistors provided between the output 
terminal and the supply voltage and the on-state resistance of the MOS 
transistors provided between the output terminal and the ground voltage. 
Thus, when a supply voltage VDD is fed in, the threshold voltage of the logic 
gate is approximately equal to VDD / 2, and accordingly, when a clock 
having a duty factor of 50% is fed in, the clock fed out is guaranteed to have 
a duty factor of 50%. 

[0044] This embodiment deals with a clock input/output device that is, as 

shown in Fig. 1, built with an AND gate that operates in a manner similar to 
the clock input/output device shown in Fig. 8 that is built with a NAND gate 
and an inverter. It is, however, also possible to build a clock input/output 
device with a logic gate other than an AND gate. For example, a clock 
input/output device may be built with, as shown in Fig. 3A: three-state 
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inverters Ivll and Ivl 2 that receive different clocks at the input terminals 
thereof; a three-state inverter Ivl3 that receives at the input terminals thereof 
the outputs of the three-state inverters Ivll and Ivl2; and an inverter Ivl 4 

■ 

■ 

whose output terminal is connected to the state control terminal of the three- 

■ » 

state inverter I v 1 2 . 

[0045] In the configuration shown in Fig. 3A, a select signal according to 

which one of the clocks fed respectively to the three-state inverters Ivll and 
Ivl 2 is selected to be outputted from the three-state inverter Ivl 3 is fed to the 
state control terminal of the three-state inverter Ivll and to the input 
terminal of the inverter Ivl4. Moreover, the state control terminal of the 
three-state inverter Ivl 3 is grounded, and thus the three-state inverter Ivl 3 
acts as an inverter that inverts the signal fed to the input terminal thereof. 

[0046] The clock input/output device configured as shown in Fig. 3A is 

equivalent to a logic circuit composed of, as shown in Fig. 3B: an AND gate 
Al that receives the one clock and that also receives the selection signal 
inverted by an inverter Ivy; an AND gate A2 that receives the other clock and 
that also receives the selection signal; and an OR gate Ol that receives the 
outputs of the AND gates Al and A2. Thus, when the select signal is low, 
the clock fed to the three-state inverter Ivll is selected, and is outputted 
from the three-state inverter Ivl 3; when the select signal is high, the clock 
fed to the three-state inverter Ivl 2 is selected, and is outputted from the 
three-state inverter Ivl 3. Also in the clock input/output device configured 
in this way, the threshold voltages of the three-state inverters Ivll to Ivl 3 
and of the inverter Ivl4 are approximately equal, and thus, when a clock 



I 
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having a duty factor of 50% is fed in, the clock fed out is guaranteed to have 
a duty factor of 50%. 

[0047] Alternatively, the AND gates Al and A2 shown in Fig. 3B may be 

configured as shown in Fig. 1, with the OR gate configured as shown in Fig. 
4. Specifically, then the three-state inverters Ivll to Ivl3 and the inverter 
Ivl4 are interconnected as shown in Fig. 3 A, and the input to the three-state 
inverter Ivl2 is fed to the state control terminal of the three-state inverter 
Ivll and to the input terminal of the inverter Ivl4. Also when the OR gate 
is configured in this way, the threshold voltages of the three-state inverters 
Ivll to Ivl3 and of the inverter Ivl4 are approximately equal, and thus, 
when a clock having a duty factor of 50% is fed in, the clock fed out is 
guaranteed to have a duty factor of 50%. 

Second Embodiment 

A second embodiment of the present invention will be described 
below with reference to the drawings. Fig. 5 is a circuit diagram showing a 
circuit configuration of the clock input/output device of this embodiment. 
In the clock input/output device of this embodiment, such circuit elements 
as operate in the same manners as in Fig 1 are identified with common 
reference numerals, and no detailed explanations thereof will be repeated. 
[0048] The clock input/output device shown in Fig. 5 includes, instead of the 

three-state inverter Iv3 provided in the clock input/output device shown in 
Fig. 1, an inverter Iv5 composed of P-channel MOS transistors Tx and Ty 
and N-channel MOS transistors Tz and Tw. In this inverter Iv5, the direct- 
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current voltage VDD is applied to the source of the MOS transistor Tx, and 
the source of the MOS transistor Ty is connected to the drain of the MOS 
transistor Tx. The drain of the MOS transistor Tz is connected to the drain 
of the MOS transistor Ty, and the drain of the MOS transistor Tw is 
connected to the source of the MOS transistor Tz. The source of the MOS 
transistor Tw is grounded. 

[0049] In this inverter Iv5, the node between the gates of the MOS transistors 

Ty and Yz serves as the input terminal, and is connected to the node 
between the output terminals of the three-state inverters Ivl and Iv2. The 
node between the drains of the MOS transistors Ty and Yz serves as the 
output terminal, from which is outputted an inverted version of the signal 
fed to the gates of the MOS transistors Ty and Yz. 

[0050] In the clock input/output device configured as described above, 

during normal operation, a low signal is fed from outside to the MOS 
transistor Tx and a high signal is fed from outside to the MOS transistor Tw, 
so that the MOS transistors Tx and Tw are kept on. Thus, during normal 
operation, serially connected MOS transistors Tx and Ty are present 
between the output terminal and the supply voltage VDD, and serially 
connected MOS transistors Tz and Tw are present between the output 
terminal and the ground voltage. As a result, the inverter Iv5, like the 
three-state inverter Iv3 shown in Fig. 1, acts as an inverter whose threshold 
voltage is approximately equal to VDD / 2. 

[0051] To check the duty factor of the clock outputted from the clock 

input/output device described above, a measurement device 11 is connected 
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thereto as shown in Fig. 6. The measurement device 11 is composed of: a 
resistor R of which one end is connected to the node, serving as the output 
terminal, between the drains of the MOS transistors Ty and Tz; and a current 
detector 10 that is connected to the other end of the resistor R, that receives 
the direct-current voltage VDD, and that detects the integral of the current 
flowing through the resistor R. When the measurement device 11 is 
connected to the clock input/output device as shown in Fig. 6 to measure the 
duty factor of the clock outputted from the clock input/output device, a high 
signal is fed to the gate of the MOS transistor Tx to keep the MOS transistor 
Tx off. The MOS transistor Tw remains on. 

[0052] Here, what the current detector 10 detects as the current flowing 

through the resistor R is the magnitude of the current obtained by smoothing 
the current flowing through the resistor R. When the duty factor of the 
clock outputted from the clock input/output device is equal to 50% as shown 
in Fig. 7(a), a current as shown in Fig. 7(b) flows through the resistor R. 
The integral of the current flowing through the resistor R as detected by the 
current detector 10 in this state is represented by Ip50. 

[0053] With these settings, when the duty factor of the clock outputted from 

the clock input/output device is lower than 50% as shown in Fig. 7(c), the 
current flowing through the resistor R is as shown in Fig. 7(d), and thus the 
integral Ip of the current detected by the current detector 10 is recognized to 
be greater than Ip50. On the other hand, when the duty factor of the clock 
outputted from the clock input/output device is higher than 50% as shown 
in Fig. 7(e), the current flowing through the resistor R is as shown in Fig. 7(f), 



- 25 - 

and thus the integral Ip of the current detected by the current detector 10 is 
recognized to be smaller than Ip50. Hence, by comparing the magnitude of 
the integral Ip of the current detected by the current detector 10 with Ip50, it 
is possible to easily check whether or not the clock outputted from the clock 
input/output device has a duty factor of 50%. 

[0054] This embodiment deals with a configuration in which an inverter Iv5 

built with four MOS transistors Tx to Tw is used in a clock input/output 
device configured as shown in Fig. 1. This permits easy detection of the 
duty factor of the clock outputted. It is, however, also possible to use the 
inverter Iv5 instead of the three-state inverter Ivl3 in a circuit configuration 
as shown in Fig. 3 A or 4. This configuration offers similar benefits. In this 
way, when, in a clock input/output device, the inverter in the last stage is 
configured like the inverter Iv5 shown in Fig. 5, it is possible to easily check 
the duty factor of the clock outputted from the clock input/output device by 
the use of a measurement device 11 like the one shown in Fig. 6. 

[0055] This embodiment assumes use of, as a measurement device for 

measuring the duty factor of the clock outputted from the clock input/output 
device, one in which the direct-current voltage VDD is applied to the current 
detector 10 as shown in Fig. 6. It is, however, also possible to use one in 
which the current detector 10 is grounded. When such a measurement 
device is used to measure the duty factor of the clock, the MOS transistor Tx 
is kept on, and the MOS transistor Tw is kept off. In this case, as the duty 
factor of the clock outputted becomes higher, the measured magnitude of the 
current becomes greater and, as the duty factor of the clock outputted 
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becomes lower, the measured magnitude of the current becomes smaller. 

r 

Industrial Applicability 

[0056] Clock input/output devices according to the present invention are 

suitably used, in digital appliances such as DVD players, digital still cameras, 
and domestic game machines, as switches, selectors, buffers, and the like for 
feeding a clock received from a clock IC such as an oscillator to another IC. 



